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APPARATUS AND METHOD FOR MOULDING CONTACT LENSES 
3ACKQRQVNP 

5 The present invention relates to cast moulding of contact lenses using a two part 

moulding assembly. More particularly, the invention relates to an improved method of 
manufacturing contact lenses in a mould and an apparatus therefor. 

Cast moulding of contact lenses is a commonly used method of manufacture due to its 
1 0 cost effectiveness. 

PWORART 

The basic known technique of cast moulding contact lenses involves the use of two 
IS complementary generally plastic mould parts one of which is generally convex and the 
other generally concave and which fit closely together to form a cavity in which a liquid 
state polymer is poured resulting in formation of a contact lens. According, to known 
techniques, prior to bringing the two mould parts together a polymeri sable fluid 
moulding material is introduced into the cavity by injection moulding. The fluid 
20 moulding material conforms to the shape of the internal surfaces of the mould which 
bound and define the cavity. 

The moulds are brought together to accommodate shrinkage of the mould material and 
the contact lens is polymerised within the confines of the cavity formed by the two parts. 
25 Upon completion of polymerisation the two parts are separated to release the lens and 
then generally discarded. 

Existing contact lens moulding techniques are disclosed for example in patent 
specifications GB2226977 by Galley and GB2235408 B by MJS Scientific. The latter 
30 patent discloses a known proposal for enabling the mould parts to approach one another 
to reduce slightly the thickness of the moulding cavity in order to accommodate 
shrinkage of the liquid material during polymerisation. One prior art apparatus uses a 
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flexible lip on one of the mould parts to define the periphery of the moulding cavity. The 
lip flexes to accommodate shrinkage. The lip is not entirely satisfactory as it results in 
the productions of a lens of uncertain variation in the shape, edge or thickness of the 
lens. 

5 

Another method disclosed in specification GB223S408 utilities a pair of plastics mould 
parts which comprise concave and convex moulding surfaces with the periphery of the 
two moulding surfaces being defined by the abutment of a rigid annular projection on 
one of the mould parts with the convex or concave moulding surface of the other mould 
1 0 part. The idea behind the projection is that shrinkage of the polymerisable material 

during curing is at least partly compensated for by plastic flow of the annular projection 
allowing the two mould parts to approach one another more closely. Thus one or other 
or both of the moulds parts move axially . 

1 5 An important characteristic of the prior art methodology is that one or other of the 
mould parts approach each other responsive to shrinkage of the polymerisable material 
during curing. 

The Galley Patent GB 2226977 discloses a method for moulding contact lenses using a 
20 two part mould wherein the two parts are in slideable relationship between two moulding 
surfaces. The male or convex mould part has a shoulder that forms a slideable fit with a 
frusto-conical or cylindrical section within the female or concave mould part. According 
to this prior art methodology, as the lens material polymerises and shrinks, the male or 
convex mould part seals off against the frusto-conical or cylindrical section within the 
25 female or concave mould part. The method also involves use of an external hinge 
mechanism to facilitate axial movement. There are inherent disadvantages associated 
with this method and these are manifested in an irregular edge finish on the lenses 
produced by the method. This is due to the fact that the attempt to provide shrinkage 
compensation and control by use of thermo plastics and their intrinsic flow properties are 
30 not completely successful using this method. 
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According to both of the above methods, movement between the two mould parts is 
necessary to effect a satisfactory edge seal and as a means of counteracting the polymer 
shrinkage. Thus, one type of movement is slideable whilst the other is via a form of 
"creep" or plastic flow. Each method has unpredictable results especially concerning 
5 lens edge finish. 



After initial sealing (during a long and protracted polymerising process) this method 
relies on the plastic flow of the annular projection to provide the mould parts with an 
avenue for further axial movement. During this progression towards each other the 

10 annulus is deformed permanently. The selection of plastics with specific properties and 
the use of subsequently linked polymerisation cycles would be essential to the success of 
this technique. The prior art lens designs were pre determined by the shape of the mould 
surfaces before the lens material was placed in the mould. The problem addressed by the 
present invention relates to the existing way in which polymer shrinkage within the prior 

IS art moulding apparatuses occurs. 



The present invention therefore seeks to ameliorate or eliminate the above disadvantages 
by providing an improved method and apparatus for moulding contact lenses. The 
apparatus is capable of producing a more accurate contact lens than has previously been 
20 achieved or described. This is achieved by introducing into one or both of the mould 
parts a region or regions of flexure which region or regions compensate/s for shrinkage 
of the polymerisable material within the mould cavity. The shrinkage initiated flexing 
which takes place may not be equal in all meridians in that there may be flexing in the 
axial and radial directions. 

25 

In the broadest form of the apparatus aspect, the present invention comprises: 

a moulding apparatus for producing a contact lens the apparatus comprising; 
a two part mould having one moulding surface which is convex and a second 
moulding surface which is concave, the two surfaces together defining a sealed 
30 moulding cavity which receives a polymerisable material; 

characterised in that one or each of the mould parts include/s a region or regions 
wherein at least a part of the mould is flexible and which accommodates changes 
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in volume of the polymeri sable material within the cavity but with minimal or no 
axial movement of the mould parts. 

Preferably, the localised region comprises a built in area of flexure in the material of the 
5 mould parts so that the region on the mould where the flexure takes place is 

commensurate with the peripheral flange area of a lens. Preferably the mould parts other 
than the regions of flexure do not move as the flexing take place. 

According to the method aspect, the present invention comprises: 
10 a) taking a lens moulding apparatus comprising two moulding parts; the first of 
which has a convex surface and the second of which has a concave surface, 
wherein one or each of the parts together form a cavity and inchide/s a region or 
regions of flexure commensurate with the position of the flange of a finished lens; 
b) introducing into the cavity a polymerisable material in a fluid state; 
15 c) allowing the material to cure with the result that the material shrinks; 

d) retaining the relative positions of each part of the mould so that the shrinkage in 
the polymerisable materials is accommodated by the regions of flexure in one or 
other of the parts of the mould; and 

e) removing the finished lens from the mould. 

20 

As the peripheral or carrier area of the mould is heated during polymerisation and is 
concurrently subjected to internal forces exerted upon it by the shrinkage of the contact 
lens material, it flexes to accommodate and to equilibrate with the conditions in the 
cavity. 

25 

The method described above improve the yields and quality of moulded lenses over and 
above lenses produced in accordance with prior art methodologies. 

The present invention according to both its aspects will now be described in more detail 
30 according to preferred but non limiting embodiments and with reference to the 
accompanying illustrations, wherein.- 
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Figure 1 : shows a cross sectional view of a lateral section of a two part mould 

according to one embodiment of the invention; 
Figure 2: shows a cross sectional enlarged view of a lateral section of a two part 

mould according to another embodiment of the invention; 
5 Figure 3 : shows a cross sectional enlarged view of a lateral portion of a two part 

mould according to an alternative embodiment of the invention. 
Figure 4: shows a cross sectional enlarged view of a lateral portion of a two part 

mould according to an other embodiment of the invention; and 
Figure 5: shows a cross sectional enlarged view of a lateral portion of a two part 
10 mould with a region of flexibility in the convex part of the mould; 

Figure 6: shows a further embodiment of the invention; 
Figure 7(aH<0 shows further embodiments of the regions of flexure; 
Figure 8 : shows an alternative configuration for flex regions; 
Figure 9: shows an alternative configuration for the flex regions; and 
IS Figure 10: shows a further configuration of the flex region. 

Referring to figure 1 there is shown a cross sectional view of a two part mould assembly 
1 according to one embodiment of the invention. The mould assembly comprises two 
parts. 



20 



The first concave mould part 2 has a concave surface 3 and the second convex mould 
part 4 has a convex surface 5 which complements surface 3. 



The mould parts are shaped to generally conform to the shape of a lens and when 
25 together form cavity 6. In the past any shrinkage of the polymerisable material was 

accommodated by axial displacement of one or other of the parts or by relative sliding of 
the parts. The apparatus in figure 1 includes in each part a region or regions of 
flexibility. Concave mould, part 2 has flexibility regions 7 and 8 and mould part 3 has 
flexibility regions 9 and 10. 

30 



The area immediately adjacent to the edge of a lens is called the flange or carrier area of 
the lens and is by itself an inconsequential part of the overall lens. It does however play 



WO 96/23641 



6 



PCT/AU96/00057 



a finite role in that it keeps the optical portion of the lens in close proximity to the cornea 
and connects it to the edge of the lens. It is there also to reduce the thickness of the lens 
for the comfort and ocular safety of the patient. 

5 As the flange is merely a carrier and not an optical portion of the lens, its intrinsic surface 
geometiy is at liberty to change slightly. During the polymerisation cycle therefore, this 
area of the mould is encouraged to "flex" or move. The mould is designed such that the 
flange area of the lens can change configuration as it is subjected to the above mentioned 
flexing. As this peripheral or carrier area of the mould is heated during polymerisation 
10 and is concurrently subjected to internal forces exerted upon it by the shrinking contact 
lens material, it flexes to suit and to equilibrate with the conditions within. As a 
consequence the flange area will change and depart in shape from its original form. The 
original form of the flange area may be spherical, conical, aspheric, etc. 

1 5 The shrinkage of the lens in the mould is generally localised in or around the carrier zone 
and thus near the regions of flexure. There wiO still be some shrinkage of the polymer 
throughout the whole of the internal of the mould simply because the material is 
polymerising from a liquid to a solid and therefore must shrink overall. It is desirable 
that the mould walls in these shrinkage areas be able to move more than the remainder of 

20 the mould. The intention of this is to maintain absolute maximum shrinkage within the 
special flexure areas where the actual lens surface criteria and shape criteria are not quite 
as critical. 

The area or areas of flexure are positioned on the surface of the lens mould(s) such that 
25 both the optical integrity and the fit of the lens remain intact. The preferred position 
therefore for these areas of flexure would be on the flange or carrier area of the lens. 
This however, is not to be construed as limiting of the possibilities for the positioning of 
the regions of flexure. The regions of flexure may also be moved to the optical region of 
the lens. 

30 

As the shrinkage of the polymer is of a volumetric nature a specific area of one or both 
of the mould parts (eg, the carrier area or flange area) can be engineered so that it will 
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"follow" and take up the space resulting from the shrinkage of the polymer. The moulds 
are preferably formed in single pieces and the engineering of the flexure areas can be 
achieved by a controlled change in the mould parts wall thickness of differential curves 
and/or shape. Ideally the area/s of flexure of the mould is/are homogeneous with the 
5 remainder of the mould and are preferably manufactured from high grade polypropylene 
although other suitable materials may be used. A preferred embodiment is a "flat" 
section which interrupts the continuity of the male (or convex) mould although the flat 
section in this instance is flush with the surface of the mould. 

10 This flat can be designed so that it describes a tangent between the male (or convex) 
portion of the mould optical area and its edge. 

The outside wall of the mould can be shaped similarly or it can be configured in another 

form which complements, compensates for and/or controls the "flexing" action. 

» 

15 

According to other embodiments the flexing region could employ non-spherical curves 
or any combination of curves, flats, sinks or non-spherical sections. The term sinks 
refers to a recess formed by the flexing zone. Such sinks, flats, and specialty areas 
should also be positioned such that no interference or degradation of the visual 
20 performance of the lens occurs. 

Figures 2 to 7(a)-(c) show a variety of embodiments of the regions of flexure in one or 
other of the mould parts. In the figures the flex region is numbered sequentially from 
with numerals from 1 1- 19. 

25 

Whatever form the "flexing" area takes can be determined by factors such as the contact 
lens design, mould materials and moulding conditions. The purpose of this "flexible" 
section is to provide for an area of volumetric adjustment as the lens polymer shrinks 
during the polymerisation process. 

30 

The amount of "flex" is therefore tailored to create the optimum level of adjustment as 
the polymer shrinks. Preferably, the flexible area changes configuration and takes up the 
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shrinkage amount of the polymerisable material and, when such changes and take up 
have taken place, creates a surface on the contact lens which is conductive to 
comfortable and practical wear. The means that the final post polymerised flange area is 
of a shape and thickness which will not preclude it from being used on an eye i.e. the 
5 flange area will not be too thin and the final curvatures will not allow normal fitting. 
When the polymer shrinks there is an intrusion into the moulding cavity via a flexing 
process. If a "normal 19 lens profile is required, a larger than necessary volume can be 
formed prior to polymerisation. This would then shrink down and the outside wall 
would flex to follow intrinsic shrinkage. This effect is analogous to placing a flexible 
1 0 membrane over a jar and then creating a negative pressure inside. Thus the membrane 
will flex and bow in to accommodate the reduction in volume within the jar. It will be 
recognised by those practiced in the art of moulding that numerous variations and 
permutations of this design and concept are possible. 

1 5 Preferably there is some connection between the form of the flex area of the mould and 
the final shape of the lens required. This is so that the flexible area can be designed such 
that after flexing the final lens form will be approximately what the design intended. In 
other words the moulding process actually may create a lens shape which is not exactly 
that of the final form so that after flexing the final form is realised. This is not however, 

20 essential as the apparatus can be arranged so that the lens shape moves in a 

predominantly linear fashion inwards towards the mould surface itself so that the form 
may change very little. 

It is also possible to create shapes which are not similar to the final form required. This 
25 can be achieved by varying the thickness of the flexure area across its chord and/or a 
combination of shape difference and contour thickness. 

The possible shape and contours of the flexing regions will cover spherical curves ' 
through to flats through to aspheres, to combinations of sphero-aspheres or flat aspheres. 
30 The contours of the flexing region will reflect the general form itself therefore if it is a 
convex part of the mould, the shape will generally be convex, if it is a concave part of the 
mould the shape will generally be concave. The final flexure form will be determined by 
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the end result required in the final mould form; that is, it is desirable to have a generally 
flat or convex flat type of surface we will put that in the flexure area. As a rule of thumb 
this flexure area, by virtue of what it is actually doing, will generally be of a aspheric 
nature. 

5 

The criteria as specified for lens design will be determined by the designers shape of 
curvature and/or shape affects in the peripheral area of the lens. If a generally aspherical 
shape is required on the periphery of the lens, either on the anterior or the posterior 
surface of the lens, the flexure area will reflect generally this sort of shape. 

10 

The flexure area will act something like a bellows. In other words, it will transport the 
optical area (the remaining area of the mould) either on the posterior or the anterior 
surface of the mould. It would allow a constant form to move in and out of a linear 
plane. That then enables the optic zone and/or the remaining area around the optic zone 

1 S prior to the flexure area to flex less or distort less, because there is going to be a greater 
area of flexure just outside of that. This will allow the optic zone portion and the 
residual around h to maintain its form more accurately than if it were to shrink overall. 
It also allows the mould form to be kept shut from the initial insertion from the male part 
into the female part. It allows provision for a constant edge thickness and then it allows 

20 the judicious manipulation of the flexure areas to control the centre thickness and the 
optical positioning. 

According to the prior art the moulds are allbwed to move towards each other. Some 
practitioners place weights on the mould to help this happen and create better optics. 
25 Others allow the male mould to move towards the female mould under the influence of 
the actual polymer shrinkage. 

According to the invention the mould can be completely shut down and allow the flexure 
areas to control and influence internal mould part movement. Whether this is purely the 
30 flexure area independent of the main part of the mould or whether it is a combination of 
flexure area and/or the optical portion of the mould is irrelevant. The critical factor is 
that specific flexure areas can be chosen and designed to dictate which part moves and 
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how much. This will give accurate and consistent control over centre thickness, optical 
quality, etc. 

The flexure effect upon the lens has no consequence for fitting or comfort if designed 
5 and implemented so that post "flexed" curves have been optimised. 

A flat surface may end up as a curve and an aspheric surface may end up as flat. This 
illustrates that the flex area of the mould can be of an arbitrary form prior to 
polymerisation provided it assumes the final shape required. For example, a flat section 
10 will end up being a curve once polymerisation has taken place and the material has drawn 
in the "flex" section. The amount of flex in the flexing regions is tailored or controlled to 
create the optimum level of adjustment as the polymer shrinks. 

This was originally achieved by a trial and erf or process until the shrinkage was taken up 
1 5 and the flange thickness was still within tolerance. 

The specific tailoring required for differing situations can be accomplished by varying the 
wall thickness and shape of the "flexing area" on the mould. Once an optimum level of 
flexing is achieved for a given lens type and parameter it is relatively static for following 
20 lenses. This is again, one of the advantages of moulding lenses in this way. 

The permutations of the invention are numerous and may vary according to lens design 
requirements. What characterises this invention is that the lens polymer shrinks to its 
final form whilst the moulding cavity remains sealed and static or relatively static. The 
25 special areas which can flex concurrently with the polymer shrinkage preclude the mould 
from having to have any other, more dynamic, mechanisms in place. Therefore the optic 
zone and its centre thickness can be maintained at an optimum level of accuracy and 
reproducibility. 

30 The flex areas can take up areas of shrinkage within the mould independently of the other 
areas which may be left alone. For example, the optic zone portion of the mould (back 
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or front) could move in as a totally supported unit as opposed to a total mould being 
forced into its partner whether it is straight or not. 

According to the apparatus aspect one advantage of the invention is the capacity of the 
5 mould to be closed and cured and the only specific shrinkage that is going on (other than 
the normal axial and linear shrinkage associated with this type of manufacture) is such 
that it cannot effect the centre thickness or the optic zone. This would require two 
moulds to be moved against one another according to conventional methodology. 

10 The flexing according to the invention is far more controllable than prior art sliding and 
will remain so mould after mould. Any variance in closing pressure for a slideable fit 
moulding until will result in inconsistencies in centre thickness. 

The apparatus of the invention is more controllable than prior art sliding because when 
1 5 the two parts are slid together there is the possibility of the moulds getting tilted off axis 
to each other. There is also the possibility of the sliding not occurring as much or too 
much, therefore causing problems with the centre thickness and/or optical quality. 

Sliding of the mould parts detracts from the consistency of the polymer in the lens itself 
20 in the 1ms form. This can lead to handling inconsistencies and material strength and 
modulus inconsistencies. According to the invention the mould is shut at initial stage 
when the polymer is liquid and then as it shrinks, the flexible areas will allow the take up 
of space which is inevitable and irrevocable, but to take them up within the mould form 
itself thus it acts as an internal movement as opposed to an external movement. This is 
25 far more controllable than the prior art produced lenses. 

Once the mould according to the present invention is closed it requires no further axial 
pressure to ensure it remains that way. Any further movement axial or otherwise is as a 
result of overall mould shrinkage (predictable) and controlled flexing (also predictable). 

30 

The edge profile and thickness will also be optimised, as inconsistencies caused by mould 
to mould movement will be eliminated as that movement will only be confined to the 



WO 96/23641 



12 



PCT/AU96/00057 



regions of flexure. This design therefore will improve yields and form accuracy in the 
process of contact lens moulding as it provides for the most stable and consistent 
moulding environment yet. 

5 Figures 1 to 7(a) - (c) show various embodiments of the apparatus aspect of the 

invention wherein each of the profiles of the mould apparatus shown include a region of 
flexing. 

Figures 8, 9 and 10 show alternative configurations for the regions of flex. The flexure 
10 regions do not need to be circumferential. There may be iso-pocketing, non-circular 
wedges or levels anywhere in the lens outside of the optics. Figure 8 shows 
circumferential circular flex regions 20, figure 9 shows circumferentially disposed 
individual square flexure regions 21 and figure 10 shows a flex region 22. 

IS It will understood that the flexing region may be placed at any point along the mould part 
contour and there may be more than one flexing region. In the flexing region the flexure 
does not necessarily have to be constant over the total region of flex. In fact, it may be a 
variable flexure over the region of flex with maximum flexing occurring within the centre 
of the flexible area and the least amount towards the thicker wall areas of the main part 

20 of the mould. 

The mould parts are held in close apposition to each other during the moulding process 
by surface tension and the close proximity of the female mould wall to the male mould 
wall. The inherent surface tension of the fluid between these two parts allows for quite a 
25 strong bonding. The material within the mould that is the polymer as it starts to set off 
and polymerise will further help to maintain the mould parts in close apposition. 

It will be appreciated by persons skilled in the art that numerous variations and 
modifications may be made to the invention as broadly described herein without 
30 departing from the overall spirit and scope of the invention as broadly described herein. 
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CLAIMS: 

1 . A moulding apparatus for producing a contact lens the apparatus comprising; 
a two part mould having one moulding surface which is convex and a second 

moulding surface which is concave, the two surfaces together defining a sealed moulding 
cavity which receives a polymerisable material; 

characterised in that one or each of the mould parts include/s a region or regions 
wherein at least a part of the mould is flexible and which accommodates changes in 
volume of the polymerisable material within the cavity but with minimal or no axial 
movement of the mould parts. 

2. A lens moulding apparatus according to claim 1 wherein the region/regions of 
flexure is/are at or near the peripheral flange area of the lens. 

3. A lens moulding apparatus according to claim 1 wherein the region/s of flexure 
is/are located in that part of the mould which is at or near the optical region of the lens. 

4. A lens moulding apparatus according to claim 2 or 3 wherein the regions of 
flexure are homogenous with the mould parts. 

5. A lens moulding apparatus according to claim 4 wherein the areas of flexure are 
positioned on the surface of the lens mold parts and whose surface/s is/are either flush 
with the remainder of the mould surface or not in alignment with the mould surface. 

6. A lens moulding apparatus according to claim 5 wherein the flexure may vary 
over the region/s of flex. 

7. A lens moulding apparatus according to claim 6 wherein the region/s of flexure 
are shaped to accommodate spherical curves, flats, sinks aspheres sphero-aspheres or flat 
aspheres. 
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8. A lens moulding apparatus according to claim 7 wherein the form of the flexure 
region/s influence the shape of the lens produced from the mould. 

9. A lens moulding apparatus according to claim 8 wherein the flex areas take up 
lens shrinkage within the mould independent of the remaining areas of the mould parts. 

10. A lens moulding apparatus according to claim 9 wherein the regions of flexure 
are manufactured from high grade polypropylene. 

11. A lens moulding apparatus according to claim 10 wherein the shape/s of the 
region/s of flexure dictate the shape on the peripheral area of the lens. 

12. A method for moulding a contact lens comprising the steps of: 

a) taking a lens moulding apparatus comprising two moulding parts; the first of 
which has a convex surface and the second of which has a concave surface, 
wherein one or each of the parts together form a cavity and include/s a region or 
regions of flexure commensurate with the position of the flange of a finished lens; 

b) introducing into the cavity a polymerisable material in a fluid state; 

c) allowing the material to cure with the result that the material shrinks; 

d) retaining the relative positions of each part of the mould so that the shrinkage in 
the polymerisable materials is accommodated by the regions of flexure in one or 
other of the parts of the mould; and 

e) removing the finished lens from the mould. 

13. A method according to claim 12 wherein the region/regions of flexure is/are on 
the mould parts at a location which is commensurate with the peripheral flange area of 
the lens. 
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14. A method according to claim 13 wherein the mould parts are held in close 
apposition to each other during the moulding process by surface tension and the close 
proximity of the concave mould wall to the convex mould wall. 

1 5. A method according to claim 14 wherein the peripheral or carrier area of the 
mould is heated during polymerisation and is concurrently subjected to internal forces 
exerted upon it by the shrinkage of the contact lens material. 

16. A method according to claim IS wherein the mould parts are held in close 
apposition to each other during the moulding process by surface tension. 
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